The effect of the extract of Lupinus varius l. on corrosion of Al in 1 M NaOH solution using the weight loss technique was investigated. Lupinus varius l. extract inhibited the corrosion of Al in 1 M NaOH solution and the inhibition efficiency increased with increasing the concentration of the extract and decreased with increasing temperature. The adsorption of the inhibitor molecules on Al surface was in accordance with Langmuir and Temkin adsorption isotherms. A first-order kinetic relationship with respect to Al was obtained with and without the extract from the kinetics treatment of the data.
Introduction
Several previous studies showed that naturally occurring substances of plant origin are successfully used as inhibitors of corrosion [1] [2] [3] [4] [5] [6] [7] . Previously, the corrosion of Al in alkaline solution has been investigated in the presence of organic and inorganic compounds [6] [7] [8] [9] [10] [11] , and in the presence of some plants extract, such as Gum Arabic [12] , Pachylobus edulis and Raphia hookeri [13] . This work aims to studying the effect of Lupinus varius l. extract on the corrosion of Al in alkaline solution. Lupinus varius l. belongs to the family of Leguminosae. L. varius L. ssp. orientalis Franco et Silva (=Lupinusdigitatus Forssk, Lupinus pilosus L., Lupinus hispanicus and Lupinusmicroanthus) is an annual herb, growing in the Mediterranean, North Africa, South Europe, West Syria, and Palestine region [14, 15] . Previous investigations of this species revealed the presence of several quinolizidine as well as dipiperidine alkaloids [16, 17] . It has been shown that the inhibitory action of some plants solution extract is due to the presence of tannin, organic acids, amino acids, alkaloids and pigments in their chemical constiutions [18] . Alkaloids such as papaverine, strychnine, quinine and nicotine, were studied as corrosion inhibitors in acidic medium [5] . It has been shown that the inhibitive effect of the extract of some plants is due to the adsorption of molecules of phytochemicals present in the plant on the surface of the metal [19] [20] [21] ; theses extract protect the metal surface and thus do not permit the corrosion process to take place. Weight loss measurement was used to calculate the inhibition efficiency of the L. varius l. extract. The effect of temperature on the corrosion reaction rate in free and inhibited basic solutions was also investigated.
Experimental
The weight loss measurements were carried out in a test tube placed in a thermostat water bath. The solution volume was 10 mL. Test specimens of 99.96% aluminium foil (length = 2 cm, width = 1 cm, thickness = 0.03 cm), were degreased in acetone, chemically polished for 30 s in a solution containing 85 % conc. H 3 PO 4 and 15 % conc. HNO 3 at 85 ºC, rinsed well in deionized water, etched for 20 s in a solution containing 40 gL -1 sodium hydroxide at 40 ºC, rinsed again and immersed for 20 s in 1:1 v/v HNO 3 at room temperature. After rinsing in deionized water and drying in a stream of air at room temperature, the specimens were kept in a desiccator.
Inhibitor material
A stock solution of the inhibitor material was prepared by refluxing 15.0 g of dry L.varius l. Powder with 250 mL of 1 M NaOH for 3 hours. The refluxed solution was allowed to stand overnight and filtered through ordinary filter paper. From this solution, different concentrations of inhibitor solutions ranging from 20 to 100% were diluted.
Weight loss method
Pre-weighed aluminium specimens (in triplicate) were suspended for 1 hour in 1 M NaOH with and without the inhibitor in different volume ranging from 2 to 10 mL of extract. After the specified time, the coupons were removed from test solution, thoroughly washed with acetone solution and deionised water, dried well and then reweighed.
Results and discussion
The weight loss recorded to the nearest 0.0001 g. The weight loss of the metal in the corrosive solution is given by equation 1.
where W B and W A are the weights of metal before and after exposure to the corrosive solution, respectively. Weight loss of aluminum was determined, at various time intervals, in the absence and presence of different concentrations of L. varius l. extract. The curves in Fig. 1 show that the weight loss values (mg) of Al in 1 M NaOH solution containing L. varius l. extract decreased as the concentration of the inhibitors increased, i.e., the corrosion inhibition strengthened with the increase of the surfactant concentration. This trend, it may result from the fact that adsorption amount and the coverage of surfactants on the Al surface increase with the increase of the concentration, thus the Al surface is efficiently separated from the medium [12] . The weight loss curves of the Al with the addition of the inhibitors in different concentrations at various temperatures in 1 M NaOH are shown in Fig. 2 . The effect of temperature on the corrosion of Al in 1 M NaOH over the temperature range of (25-50 ºC) in the absence and presence of different concentrations of the L varius l. extract has been studied. The weight loss is found to increase with increasing temperature. The percentage inhibition efficiency (%I) and the degree of surface coverage (θ) of the investigated L. varius l. extract were computed from the following equations:
where ∆W free and ∆W inh are weight losses of metal in the absence and presence of inhibitor, respectively. Table 1 shows the percentage inhibition efficiency of the inhibitors at various concentrations in 1 M NaOH for 60 min immersion period at different temperatures (25-50 ºC). The results showed that inhibition efficiency increased as the concentration of inhibitor increases from 20% to 100% of the extract used (Fig. 3) . The maximum inhibition efficiency was observed at 25 ºC for 100% of extract, probably due to an increase in the metal surface area covered by the exudates. From Table 1 , it is seen that inhibition efficiency of L. varius l. extract decreases with increase in temperature. Decrease in inhibition efficiency with increase in temperature is suggestive of physical adsorption mechanism. The inhibitive effect of the L. varius l. extract could be attributed to the presence of some phytochemical constituents in the extract. Previous studies have shown that the L. varius l. extract contains alkaloids, tannin, oligosaccharides, polysaccharides and glucoproteins as part of its phytochemical composition [20] [21] [22] [23] . The presence of volatile monoterpenes and related oxygenated sesquiterpenes has been reported [24] . These compounds contain oxygen and nitrogen atoms which are the centers of adsorption. Therefore it could be assumed that the extract gums establish their inhibitive action via adsorption of these phytochemical component molecules on the metal surface. This adsorption process creates a barrier between the metal and the corrosive medium leading to inhibition of corrosion. Consequently, inhibition efficiency increases as the metal surface area covered by the adsorbed molecules increases, the later is in turn increased as the extract concentration increases. 
Effect of temperature and activation parameters of inhibition process
The corrosion rate of Al is determined by using the relation:
where ∆W is the mass loss, A the area and t the immersion period. The plot of logarithm of the corrosion rate versus the reciprocal of absolute temperature gives straight lines according to Arrhenius equation, Fig. 4: log R corr = A-Ea/2.303RT (5) where R is the corrosion rate, A is the constant frequency factor and Ea is the apparent activation energy. The values of Ea were calculated and found to be 31.24 and 67.98 kJ/mol for corrosion reactions in free and inhibited extract, respectively ( 
where h is Planck's constant, N is Avogadro's number, ∆S* is the entropy of activation and ∆H* is the enthalpy of activation. Fig. 5 shows a plot of log (Rate/T) against (1/T). Straight lines are obtained with a slope of (-∆H*/2.303R) and an intercept of (log R/Nh + ∆S*/2.303R) from which the values of ∆H* and ∆S* are calculated and listed in Table 2 . The values of ∆H* are presented in Table 2 . Enthalpy of activation of absolute values lower than 41.86kJmol -l indicates physical adsorption, and values approaching 100 kJmol -1 indicate chemical adsorption [25] . In this study, the values of ∆H* are lower than 41.86 kJmol -1 confirming physical adsorption. The values of ∆S* in the presence and absence of the inhibitors are negative. This implies that the activation complex is the rate determining step representing association rather than dissociation, indicating that a decrease in disorder takes place on going from reactant to the activated complex [20] . 
Adsorption studies
The values of Q ads on aluminum specimen in the presence of the inhibitor is arrived by the following equation (7) Q ads =2.303R [log (θ 2 /1-θ 2 )-log (θ 1 /1-θ 1 )]x(T 2 T 1 /T 2 -T 1 )
where R is the gas constant, θ 1 and θ 2 are the degree of surface coverage at temperatures T 1 and T 2 , respectively. 6 also confirms that the inhibition process is due to adsorption of the active organic compounds on the metal surface. This is because a straight line is obtained when Log(C/θ) is plotted against logC and the linear correlation coefficient of the fitted data is very close to 1. This indicates that the adsorption of L. varius l. extract molecules obeys the Langmuir adsorption model [10, 18] expressed as Log (C/ θ) = log C -log K
where C is the inhibitor concentration and K is the equilibrium constant for the adsorption/desorption process of the inhibitor molecules on the metal surface. The inhibitor also obeys Temkin adsorption isotherm which is represented in Fig. 7, equation 9 . Values of adsorption parameters deduced from the plots are recorded on Table 3 .
The relationship between the equilibrium constant, K, of adsorption and the free energy of adsorption, ∆G ads , is given by the following expression [3, 16] ∆G ads = -2.303RT log (55.5 K)
Values of free energy of adsorption calculated from equation (10) using K values obtained from the Langmuir adsorption and Temkin adsorption isotherm are presented in Table 2 . The values are negative and less than -40 kJmol -1 . This implies that the adsorption of the inhibitor on aluminum surface is spontaneous and confirms physical adsorption mechanism [16] . As shown in Fig. 8 , the corrosion data fit the first-order reaction rate law as expressed in Equation (11) log[Wi-∆W]=-kt/2.303+logwi (11) where Wi is the initial weight of aluminum specimen, ∆W is the weight loss of aluminum specimen at time t, [Wi -∆W] is the residual weight of aluminum coupon at time t and k is the first-order rate constant. The linear plots obtained with correlation coefficients close to 1 confirm a first-order kinetics for the corrosion of aluminum in 1 M NaOH solution in the presence and absence of Lupinus varius l. extract.
